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Ii'oot Inclosed in Conventional Shoe. 

Scientific 

AFTER four years of exhaustive experiments the Board 
of Army Officers appointed to study foot troubles of 
United States soldiers with a view to offering a remedy 
has completed its work and has recommended the adop
tion of a new kind of footwear-a perfect fitting shoe. 

Under the old regulations shoes of two patterns were 
ordered, one a straight and the other a slightly curved 
last, neither of which, however, gave satisfaction on long 
marches, and for years the percentage of imperfect feet 
in the army has been appalling. On long marches men 
have been forced to drop out of line on account of blisters, 
bruises and other shoe troubles. The new shoe, which 
the board has been so long in perfecting, has a low flat 
heel, a broad round toe and a quarter of an inch more 
swing or curve than the old style, the straight last having 
been abandoned altogether. 

The investigations carried on by the board were of the 
most complete and painstaking character, and X-ray 
photographs resulted in some very interesting informa
tion as to the effect on the feet of standing in certain posi
tions, and marching in both heavy and light equipment. 
Civilians might studv these tests in shoe fitting with bene-
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The Bare Foot. Foot i n the New Army Shoe. 

Foot Treatment for the Army 
Trying on Shoes by X-Rays 

ficial results, especially those troubled with aching feet. 
The heaviest tests were made with the soldier in his full 
uniform and carrying the maximum amount of equip
ment of 40 pounds. In the course of these investiga
tions the tendency of the feet to spread as the weight 
was thrown on them, was fully studied, and the X-ray 
shows the position taken by the various bones of the 
feet as affected by the changing position and weight. 
Photographs showing some remarkable experiments have 
been taken of the feet in the old-style shoe with 40 pounds 
of pressure on the soldier's back, and the same foot in the 
new shoe. Invariably in the old shoe some of the toes 
were pushed completely out of their proper position, but 
in the new shoe each toe has plenty of room, thus making 
marching with full equipment as easy as possible. 

The board dUlling its labors examined thousands of 
soldiers' feet under varying conditions, carefully taking 
note and making report on each foot where trouble was 
caused by a shoe. These feet were also measured and 
photographed in every conceivable position, ranging from 
the most complete repose to the severest possible strain 
under the �conditions of service. 

The Permeagraph 

In the final tests at Fort Leavenworth the new shoe 
proved beyond doubt the success of the board's arduous 
work. A march of nine days, covering 118 miles, was 
made by 375 men. Part wore the old-style shoe amI the 
others the new shoe. The latter finished the tramp 
easily, while a great percentage of those equipped with 
the old-style footwear were forced to quit on account of 
shoe trouble. 

The method now adopted by the army for "breaking 
in" new shoes and making them conform to all the little 
quirks of individual feet, resulting in a perfect fit, is 
unique. After the shoes are fitted to the soldiers' feet 
they are made to stand in water to their shoe tops until 
the leather is thoroughly soaked, then they are marched 
around until the shoes have dried on their feet, when for
ever after the new footwear is as comfortable as the 
proverbial "old shoe." This may seem a somewhat heroic 
method, but in practice it is found thoroughly effective. 

The new· shoes will be made both in black and tan, 
the former to be used with the blue uniform and with 
full dress and the latter about the garrison and in the 
field. 

A Graphical Machine for the Magnetic Testing of Iron and Steel 

By Nathan C. Johnson, Research Fellow in Mechanical Engineering, Cornell University 

THE determination of the magnetic properties of iron 
by any of the ordinary ballistic or magnetometric meth
ods commonly in use is at best a tedious and cumber
some process. Without regard to the process employed, 
it may be fairly said that the nature of the operation and 
the apparatus is such that only in the hands of a skilled 
operative and at the expenditure of much time and pati
ence can good results be obtained. Further, for a com
prehensive view of the results obtained, the instrument 
readings have to be laboriously plotted on cross-section 
paper, with often the added inconvenience of deriving 
these plotted points from the instrument readings. 

With a view to overcoming these difficulties and at the 
same time of obtaining permanent, comprehensive rec
ords that could be readily filed away, the machine pre:
sented herewith, which the writer ventures to call the 
"Permeagraph," has been divised. It presents several 
features not contained in any other apparatus and it is 
believed that it will find a considerable field of useful
ness. 

In much commercial testing of iron, comparative 
results graphically presented would be sufficient for 
every ordinary purpose where the iron under test is com
pared to a sample of known properties. Such compara
tive curves for different irons are shown in the attached 
print, Fig. 1. These curves were traced by the ma
chine and have not been corrected in any way. The 
properties of the irons is evident at a glance; and with 
proper calibration, the exact qualities of each could be 
scaled off without trouble. 

The curves shown in Fig. 1 were taken with carefully 
prepared samples, that is, the length and cross section 
of each is the same and one end of each has been accur
ately surfaced off. This, however, is not always neces
sary. The curves shown in Fig. 2 have been obtained 
with a sample of transformer iron which has simply been 
cut from the sheet with snip shears and placed on the top 
of the standard sample in the machine. The curve of 
the standard sample is the lower one. The curve of the 
transformer iron is the upper and the properties Of the 
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latter can, if needed, be readily deduced therefrom. 
These matters will be better understood by reference 

to the construction of the machine, as shown in the prints. 
By reference to the photograph and diagram, it will be 
seen that in general the device consists of a means for 
measuring the induction of the sam):>le by means of its 
attractive power on a movable yoke, which is part of a 
closed magnetic system; and of a drum (15) carrying a 
piece of paper for the record, actuated by a D' Arson val 
system (16) in shunt with the magnetizing coil (2). 
More particularly, the magnetic circuit consists of  a 
massive frame (3) and a movable yoke (4) whose mag
netic reluctance as compared to the flux to be induced in 
the sample (1) when excited by the coil (2) is made very 
small. The yoke (4) rests on two needle points at (7) on 
the lower part of the yoke; and is counter-balanced by 
the adjustable weight (5). The yoke (4), also has an 
extension, preferably of non-magnetic metal, on its for
ward end, carrying the cone-ended adjusting screw (20). 

From this screw a double-pointed steel pencil (10) ex-
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The Permeagraph, View in Perspective. View, Partially in Section, Showing Details. 

tends downward and bears on a corrugated copper dia
phragm (11), covering an oil reservoir (8). From this 
reservoir, a pipe (12) leads to a Bourdon tube (13), the 
whole system of reservoir, pipe and Bourdon tube being 
lcompetely filled with kerosene oil. Connected to the 
free end of the Bourdon tube by means of a straight line 
motion (not shown in the photograph) is the arm (14), 
carrying on its outer end a V-shaped pen, such as is com
monly used on recording instruments. This arm (14) is 
counterbalanced by a small adjustable weight. 

From the preceding, it will be seen that by this con
struction, we have left three air gaps in the magnetic 
system, i. e.: one where the sample rests on the lower 
part of the yoke; one between the upper end of the sam
ple and the movable, upper part of the yoke; and one 
between the upper and lower portions of the yoke. 

The last of these is almost wholly eliminated by grind
ing the surfaces in contact and properly adjusting the 
screws (7). The first one-that between the bottom end 
of the sample and the yoke-is also made as small as 
possible by careful grinding of the surfaces; and the 
effect of this is also made as small as possible by making 
the gap at the other end of the sample relatively large. It. 
will thus be seen that so far as the magnetic circuit is 
concerned, we shall have a means of measuring, through 
the movement of the pen attached to the Bourdon tube, 
the induction in the sample (1), due to its attraction of 
the yoke (4) and the resultant pressure on the diaphragm 
covering the oil reservoir. 

The operation of the apparatus is simple. The D' Ar
sonval system actuating the drum is, as before stated, ·in 
shunt with the magnetizing coil around the sample. This 
gives us H on the curve. The pressure exerted on the 
diaphragm actuates the pen, giving us the values o( f32 
corresponding. It is true that to get this latter motion, 
we have some motion of the diaphragm, which means 
some motion of the arm of the yoke (4) , with consequent 
lessening of the air gap between (4) and the sample (1). 
But this motion is that corresponding to the change of 
volume of the Bourdon tube in altering from the elliptical 
to the circular, with a 3/32-inch maximum movement of 
the free end; and this change of volume is distributed 
over the area of a 9-inch diaphragm; and this movement 
of the diaphragm as related to the air gap is lessened by 
the ratios of the distances of the screw (20) from the 
screws (7) and that of the center line of the sample (1) 
from the screws (7), so that it may be taken as negligible. 
With the maximum induction obtainable in soft Swedish 
iron in the machine shown in the photograph, this lessen
ing of the air gap is 0.0008 inches. 

In in�erting a sample in the machine, the yoke (4) is 
lifted. A bracket (23) at the back of the frame takes 
the weight of (4) in so doing and relieves the needle 

Fig. 1.-Permeagraph Curves for Different Samples of 

Iron. 1. Cast Iron. 2. Machine Steel. 3. Swedish 

Charcoal Iron. 4. Annealed Laminated Steel. 

points (7). The sample in place (4) is again lowered until 
the screw (20) r�ts on the steel pencil (10). The cur
rent is then increased steadily by means of a water rheo
stat, or other rheostat giving a smooth curve; and if the 
pen has been placed in contact with the paper on the 
drum, a B2-H curve for the sample will be traced. When 
a maximum is reached, the current is decreased to zero, 
thus tracing half of the hysteresis loop. Residual mag
netism in the sample will hold the pen above zero; and 
when the current is again gradually increased after 
reversal, the opposing induced flux will first bring it to 
zero of B, then cause it to rise again. In this way, a com
plete and accurate hysteresis loop may be traced by even 
an unskilled operative in about two minutes, the only 
limiting feature as regards time being the lagging of the 
induced magnetism in the sample behind the inducing 
force. This �oakage effect requires a slow and steady 
varying of the current for best results. 

It will be noticed from Fig. 3 that the hysteresis loop 
has both horns above the axis of x. This is because the 
pressure is expressed po�itively only. If it is desired to 
have this appear in the customary form, one-half of the 
loop may be turned over. 

While the hysteresis loop may be quite accurately 
taken in this way and the loss determined by integration, 
it is recognized that the better way to determine iron 
losses is probably by some method such as the Epstein, 
or by the improved apparatus of Burrowes. The prov
ince of the Permeagraph is the rapid, comparative test
ing of irons. 

In this connection, the method of determining the 
quality of transformer iron without accurate preparation 
of the sample, should be referred to agam. All that is 
necessary to do is to cut off a piece of the sheet suffici
ently large to cover the end of the sample-in the ma
chine shown, the sample being 1 M inches in diameter. 
After running a curve with the standard sample, place 
the small piece of sheet metal over the end. Then run 
the curve again. It will be seen that this curve is quite 
distinctive, for by cutting down the air gap between the 
sample and the yoke to the extent of its permeability, the 
value of B will be increaS€ld and this increase will be 
registered by the pen. It matters not what sort of con
tact this small piece makes with the yoke or the sample. 
The resistance of the air gap will be decreased by its 
presence and this will show in the increased attraction of 
the yoke (4) . 

Friction between the pen and the paper on the drum 
is eliminated by mounting a vibrator on the pen standard 

Fig. 2. -Curve of Transformer Iron Obtained by Plac

ing Sample on Top of Standard Sample and Run

ning the Curves. C urve A, Standard Sample With 

Transformer Iron. Curve E, Standard Sample 

Alone. 
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and so adjusting the pen that contact with the paper is 
made through a minute drop of ink. The vibrator shakes 
the pen enough to cause it to draw the line without more 
than instant contact at any tine. 

An obvious refinement would be to make the sample 
longer in proportion to its diameter; and to fashion the 
pole pieces to secure concentration over the air gap (21) 
between the yoke (4) and the sample and to diminish 
leakage. Further, an auxiliary coil (6) wound over the 
back of the yoke, excited by a current having a constant 
value such that the flux induced in the yoke will just over
come the reluctance of the yoke and the air gap has as
sisted in giving good results. All these refinements are 
not shown in the photograph, which was taken before 
they were added to the machine; but with "their aid, 
results have been obtained which warrant the writer in 
believing this device will find place in commercial work. 

How Accidents Originate. -The Imperial Insurance 

Department of Germany recently published data con

cerning the causes of accidents, which are interesting 

a'! well as instructive. The figures, as given below, 

do not, however, cover all accidents reported, but only 

those for which damages had been recovered: 

1. Motors, transmission, machine work 

2. Lifting appliances (elevators, 

cranes, hoists) . . . . . . . . . . . . . . . •  

3. Steamboilers, steam conduits ..... 

4. Explosions and explosives . . . . . • . .  

5. Combustible, not and caustic sub-

stances (gases, vapors) ...... . 

6. Collapsing, demolishing; dropping 

and falling objects ........... . 

7. Fall from ladders and stairs; ex-

cavations, hatchways, etc . ..... . 

8. Loading and unloading; carrying 

and lifting ............... .... . 
9. Vehicles (running over or falling 

off) .......................... . 

10. Railways ....................... . 
1 1. Navigation and traffic on water ... . 

12. Animals (blow, thrust, bite) ..... . 

13. Tools and implements ........... . 
14. Other objects or events . . . . . . . . • . .  

Total ......... ............. . 

14,094 

3,097 

1 58 

5 52 

2,20 8 

11,012 

10,4 51 

8,630 

4,469 

5,0 59 

573 

1,032 

4,611 

3,36 5 

69,311 

0/0 
20.3 

4.5 

0.2 

0. 7 

3.6 

1 5.5 

1 5.1 

litO 

6.5. 

7.3 

0.8 

1.6 

6 . 5 

4.4 

100.0 

From these figures we learn that but 24 per cent of 

all accidents fall to modern machine operations. The 

majority, nearly 4 5  per cent, are the results of gravita

tion (calling, lifting, carrying), while transportation 

causes about 14 per cent of these accidents. The figures 

also show that neither the increase in the number of 

persons insured, is the cause of the growing number 

of accidents, nor are these caused by the extended 

application of elementary forces (at the expense of 

hand operations), as is generally s upposed.-Zeitsch1-. 

t. Gewerbe Hygiene. 

Fig. 3.-Hysteresis Loop for Soft Steel, With Virgin 

Curve, Taken on the Permeagraph. 
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